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PROPELLERS ON YP-47M ATRPLANE AT HIGH BLADE LOADING
IT - CURTISS 838-102-18R1 FOUR-BLADE PROPELLER

By Lewle E, Wallner and éolomon M. Sorin

SUMMARY

An investigation was corducted in the Cleveland altitude wind
tunnel to determine the perfoymance of a Curitiss propeller with four
838-102-18R1 blades on a YP-47M airplane at high blade loadings and
engine powers. The study was made for & range of powsr coefficients
between 0.30 and 1.00 at free-stream Mach numbers of 0.40 and 0.50.
The results of the force measurements indicate primerily the trend
of propeller aefficiency for changes in power coefficient or advance-
dlameber ratio, inasmuch as corrections for the effects of tummel-
wall constriction on the installation have not been applied. Slip-
gtream pressure surveys acroes the propeller disk are presented to
illustrate blade thrust load distribution for several operating
corditions. e . . .

At a free-stream Mach number of 0.40, nearly constant peak
efficiencies were cobtained at powsr. coefficienta from 0.30 to 0.70,.
A change in power coefficient from 0.70 to 0.80 reduced the peak

. efficlency about 5 percent.. Blade stall at the tip sections became
evident for a power coefficlent. of 0.91 when the advance-diameter
ratio was reduced to l.67. e e e ..

. . At a free-stream Mach number, of 0.50, the highest propeller
efTiclencies wore. obtalined for power coefficlents from 0.80 to 1.00
at advance-dlameter.ratlos above 2.90. At advance-dlemeter ratios
below 2.90, the highest efficiencies werse obtained for power coef-
ficients 01 0.60 and 0.70, .The envelore of the efficlency curves
decreased_about 12 percent between advence-dlameter ratios of 2.60
and 4, 20 Iocal compregeibility offects became evident for a power
coefficlent of 0.40 when the advance-dilamster ratio was decreased
to 1.75. :
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In general, the thrust loading on the ocutboard sections increased
more rapldly than on the inboard sections as the power coefficlent was
increased or as the advance-dlameter ratioc was decreased. For con-
ditions where blade stall or compressibility effects were evident the
thrust loading on the tip seotions decreased and a portlon of the load
shifted to the inboard sectlions.

INTRODUCTION

An investigation of the performance of several propellers on the
TP-47M alrplane at high blade loadings has been conducted in the
Cleveland altitude wind tunnel alt the request of the Air Materiel
Command, Army Alr Forces. As part of the program, a gtudy was made
of a Curtiss 838-1C2-18R1 four-blade propeller. The results and a
brief dlscussion of the characterlastics of this propeller are pre-
gented. S o

The investigation was made for a range of power coefflclents
between 0.30 and 1.00 at free-stream Mach numbers of 0.40 and 0.50,
denslty altitudes from 20,000 to 45,000 feet, engine powers from
150 to 2500 brake horsepower, and engine speeds from 1100 to 2800 rpm.
The propeller efficlencies, as in reference 1, were determined from
force measurements; blade thrust distribution was obtained from pres-
sure surveys in the propeller slipstrean.
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Rormal power rating:

:Etﬂgina Bpeed, J’.‘_UIL ? & & € & ¢ @& 3 » & & = ¥ & o € 3 N = 2600
MaIlifOld PI‘SSBU.I‘G, 111- % a - L] . - . - L . - - . . . . 41.5
Brake hOI‘SGpO‘W‘eI‘ @ « = 8 5 w 4 & € & & s 8 % & & & o & = 1700

iThe activity factor is a nondimensional function of the propeller
plan form designed to express the integrated capacilty of the
propeller blade elements for absorbing power (reference 1).

The propeller blade-form characteristics are giwmn In figure 1.
The Curtiss 838-102-18R1 propeller blede is shown in figure 2.

APPARATUS AIND METHODS

The asgembled propeller as installed on the YP~47M alrplane in --
the 2C-foot dlameter test section of the cltitude wind tunnel is
shown in figure 3. The test equlipment is described in reference l.

Force measurements and slipstream surveys were ‘taken for power
coefficients from 0.30 to 1.00 at a free-stream Mzch number of 0.40
and for power coefficients from 0,40 to 1.00 at & free-stream Mach
nunber of 0.50. Density altitudes from 20,000 to 45,000 feet were
simulated for engine powers from 150 to 2500 brake horsepower, and
for engine speeds from 1100 to 2900 rpm.

REDUCTICR OF DATA
The method of data reduction was identlical to that described in
reference 1. The force measurements wer'es analyzed in terms of the
variation of the propeller efficlency 7 with the propeller power
coefficient Cp and the advance-diameter ratio J. These quantitles
were computed from the following equations:

£
pn3D5

where

.-D. propeller diameter, feet

n propeller rotationsl speed, revolutions per sscond
P eﬁgiﬁe power; fo.ot-poimﬁs per second

o) free-stream deﬁsi’cy, alugs 'per cublc foob
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5= X

nD

where ¥ 1is the free-stream velocity in feet per second.

Cpd

n= 5

% | | .

The propeller thrust coafficiant Cp 1in the sfficiency formula was
daf'ined as - ' ’

T
Cm =
T 'pngrﬂ

where T 1s the propeller thrust in pounds.

Propeller tip Mach number My was ébtained from the equation

A rx 3
M_t.::MO- l+\3.-)
where. Mgy 1is.the free-stream Mach muber.

The slipstream surveys are presented &s plote of the total-pressure
differential Hgy — H, against the square of the radius ratlo (re/R)2

vwhere

H, free-stream totel pressure, pounds per square foot _ -

Hy total pressure at sufvey point, pounds per square foot
R propelier radius to tip, inches

rg radial distance from thrust axils to survey point, inches

RESULTS AND DISCUSSICN

The propeller charvscteriatice are presented separately for free- -
stream Mach mumbers of 0.40 and 0.50, Because correctlons for tununel-
wall congtriction effects on the instellation drag and the propsller
performance parameters vary wilth airspeed, data obtained at the two "
Free-gtream Mach numbers are not comparable. As in reference 1, the
results of the force measurements are of primary value in showlng the
trends of propeller efficiency for changes in power ccefflclent and «
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advance-dliameter ratio. Slipstream surveys, which lllustrate the
blade thrust distribution for several operating condltions, are
presented in terms of the difference between the total pressure at
the survey point Hg and the free-stream total pressure H,. (See
reference 1.)

Free-stream Mach number, 0.40. - The effect of advance-dlamster
ratio on propeller efficlency at & free-stream Mach number of 0.40
1s presented in figure 4 for a range of power coefficients from
0.30 to 1.00. The variation of propeller efficiency with power cosf-
ficient is shown in figure 5 for approximately consbtant advance-
diameter ratios.

Nearly constent pesk efficiencles were obtalined for power coef-
ficients from 0.30 to 0.70 &t advence-dlameter ratlos from 1.80 to
3.00. (See fig. 4,) As the power coefficlent wae increased the peak
efficiency ocourred at progressively higher advance-diameter ratios.
An, Increase in power ccefficient from 0.70 to 0.90 reduced the peak
efficiency by about 5 percent. (See fig. 4.)

At an advance-diasmeter retio of 1.70, the propeller efficlency
was reduced about 9 percent for a change in power coefficient from
0.30 to 0.70. (See fig. 5.) An inorease in the power coefficient
from 0.70 to 0.90 at the same advance-dismeter ratio, however,
resulted in a 20-percent drop in efficiency. The large drop in effi-
cisncy for the hilgh power coefficients in the low range of advance-
diameter rabio is attributed to blade tip stall, a result of the
excessively high operating angles of attack,

An increase in advance-diamester ratio considerably improved the .
propeller efficlency at the high power cosfficients. For a power
coefficient of 0.60, a change in advance~dlameter ratio from 1.70
to 2,80 Increased the efficiency by -about 7 percent, but & similar
increase in advance-diameter ratio at a power coefficient of 0,90
resulted in a 25-percent increase In efficiency. (See fig. 5.)

.Blade thrust distribution curves corresponding to the test con-
ditions of figure 5 for J = 2.10 are shown in figwre 6. For power
coefficients from 0.31 to 0.82, the thrust distribution was uniform
and the loading increaeed stea.&ily wilth power coefficlent. An
increase in pawer coefficient from 0.82 to 0.89 (figs. 6(d) and 6(e))
reduced the over-all thrust loading more than might be expected from
the drop in efficiency shown in figure 4 for these conditions. The
data for the power coefficitent of 0.89 were taken at & higher altitude
and a lower engine power than that for the power coefficlent of 0.82
and therefore a marked reduction in the thrust loading resulted,
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Partial stall at .the blade tips, characterized by the drop in total-
pressure rise &t the outbosrd blade sections, occurred at a value of

Cp of 1.00. (See fig. 6(f).)

The difference between the right and left surveys was apparently
due to = misalinement of the thrust axie and the approaching alir stream.
The right, or downgoing, blades operated at slightly higher angles of
attack than the left, or upgoing, blades and conesquently were more
heavily loaded. (See reference 2.)

Slipstream surveys showing the effect of the advance-diametexr
.ratlo on the thrust distributlon at a power coefficient of 0,30 are
shown in figure 7. The blade thrust load digtribution at an advance-
dismeter ratio of 2.99 (fig. 7(a)) was uniform, with the inboard and
outhoard sections evenly loaded. As the advance~diameter ratlo was
reduced to 1.40 (fig. 7(b) to 7(f)), the over-all thrust loesding
increaged; the thrust loading on the outboard sectlons increased more
rapldly than on the inboard sections., Within the range of advance-
diameter ratics investligated, at a power coefficient of 0.30, no blade
gtall wag evident. ' The slight irregularity in the digtribution curve
at (rg/R)2 = 0.2 was apparently caused by the propeller shank cuff.

Slipstream -surveys are alsc shown for & power coefficlent of 0,90
In figure 8. The blade thrust distribution et an advance-dismeter
ratio of 3.82 was uniform and similar to that for Cp = 0.30 (fig. 7(a)).
At an advence-dlameter ratioc of 2.10, the thrust loading was greater
on the outboard blade. sections than on the inboard sections, A further
decrease in advance-diameter ratio to 1.67 resulted in stalllng the
blade sections from the blade tip to (rg/R)E = 0.55. (See fig. 8(c).)
As tHe-outboard sectione stall, the required blade angle 1s increased
and consequently the loading on the inboard sections is increased.

Free-gtream Mach number, 0.50. - The effect of advance-dismeter
ratio on propeller efficiency at a free-stream Mach number of 0.50 is
presented in flgure 9 Tor a range of power coefficients from 0.40
to 1,00, The variation of propeller efficilency with changes in power
coefficient at approximately constant values of advance-diamster ratio
is shown in figure 10

.uAt-advance-dlameter ratios above 2.90, maximum efficlencles were
obtalned for power coefficients from 0.80 to 1.00; whereas, at advance-
diemeter ratios below 2,90, maximum efficiencies were obtained for
power c¢oefficients of O. 60 and 0.70. (See fig. 9.} Tho envelope of
the efflclency curves decreased about 12 percent between advance~dlameter
ratios of- 2.60 and 4.20 Changes in the power coefficient from 0.60
to 1.00, within the vange of advance-diameter ratios covered, had a
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relatively smell effect on the propeller efficiency. The spread in
efficlency for power coefficients below 0.80 increased at advance-
diameter ratlos above 3.00. (See fig. S.)

The effect of lincreasing power coefficient on blade thrust load
distribution is shown in figure 11 for an advance-diameter ratio of
approximately 2.90 and in figure 12 for an advance-dlameter ratio of
4.20., These surveys correspond to the test conditions shown in fig-
ure 10. At an advance-diameter ratlo of 2.80, the thrust loading
was uniform over the blade and increased steadily as the power
coefficlent was increased from 0.41 to 0.92 (figs. 1i(a) to 11(e)).
The survey for Cp = 1.02 (fig. 11(f)) indicates a reduction in
thrust as compared with the survey for Cp = 0.92 (fig. 11(e)), which
may be attributed to the slightly higher advance-diameter ratio at -
which the point was run. As expected, at an advance-diameter ratio
of 4.20 for pcwer coefiicients from 0.42 to 1.03, the blade thrust
loeding is relatively low. (See fig. 12.)

The variastion of thrust load distribution with changes in
advance-diamster ratio for power coefficilents of 0.40, 0.70, and
1.00 are shown in figures 13, 314, and 15, respectively. A change in
tke advance-diameter ratlo from 4.20 to 1.75 for a power coefficlent
of 0.40 resulted in a rapid inorease in loading on the ocutboard
sections. TFor an advance-dlameter ratic of 1.75, which corresponds
to a tip Mach number of 1,01, the thrust-loading reduction at the tip
sections is due to local compressibility effects (fig. 13(e)). A
glight drop 1n propeller efficliency is indicated in flgure 2 for the
test conditione of figure 13(e). For power coefficients of 0,70
(fig. 14) and 1,00 (fig. 15), the blade thrust distribution was
gimilar, except that the loading on the inboard and outboard sections
increased more unlforxmly, and there was no evidence of blade stall ox
compressibllity effects within the range of advance-diameter ratios
Investigated.

SIMMARY OF RESULTS

The propellsr efficlencles presented in this report are useful
primarily in showing the comparative effects of blade loadlng on
propeller performance, because no corrections for tummel-wall con-
gtrictlon effects on the ingtallation drag and propeller performance
paramecters have been applied. The investigation in the altitude wind
tunnel of the performance at high blade loadings of a Curtiss
838-1C2-18R1 four-blade propeller on a YP-47M airplane indicated:
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1, At a frea-gtream Mach number of 0.40, nearly constant peak
effictencles were obtalned at power coefficients from 0.30 to 0.70.
A change in power ccefficient from 0.7C to 0.90 reduced the peak
efficiency about 5 percent.

2. For an advance-diameter ratio of 1.70 and a free-stream Mach
nmumber of 0.40, the propeller efficiency was reduced about 2 percent
for a change in pawer coefficlent from 0.30 to 0.70. For power coef-
ficients above 0.70, the efflciency decreased more rapidly.

3. At a free-stream Mach number of 0.50 and advance-diameter
ratios above 2.90, the highest propeller efficlencies were obtained
for power coefficients from 0.80 to 1.00. At advance-dlameter ratios
below 2.90, the highest efficiencies were obtained for power coeffi-
cients of 0.60 and 0.70, The envelope of the efficlency curves
decreaged about 12 percent between advance-dlameter ratics of 2.60
and 4.20. A change 1n power coefficient from 0.60 to 1.00, within
the range of advance-dlameter ratios covered, had a relatively smsll
efTect on the propeller efficlency. The spread in efficiency for
power coefflclents below 0.80 increased at advance-diameter ratios
above '3.00.

* 4, For a free-stream Mach number of 0.40, blade etall at the
tlp sections, as indicated by slipstream surveys, became evident for
a power coefiiclent of 0.91 when the advance-dlameter ratlio was reduced
to 1.67. At a free-stream Mach number of 0.50, local compressibility
offects became evident for a power cosfficient of 0.40 when the
advance-diamster ratio was decreased to 1,75.

5. In general, the thrust loading on the outboard sections
increased more rapidly than on the inboard sectlons as the power coef-
ficient was increased or as the advance-dlameter ratio was decreoased.
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For conditlions where blade stall or cumpresaibility effects were
evident the thrust loading on the tip sections decreased and a por-
tion of the load shifted to the inboard sections.
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Netional Advisory Committes for Aercnautics,
Clsveland, Ohlo.
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Figure 1. ~ Blade~form curves for Curtiss 838-1C2-18R1
four-blade propeller. b, section chord; D, propeller
diamster; k, section thickmess; R, radius to tip;

r, sectlon radiud. .« ¢ ¢« ¢« ¢ ¢ ¢ ¢ o e o o s e 8 e .

Figure 2. - Curtiss 838-1C02-18R1 propeller blade. ., . .

Figure 3. - Front view of YP-47M airplens with Curties
838-1C2-19R1 four-blade propeller installed in
altitude~wind-tunnel test section, .« . « . « ¢« o« & o &

Figﬁre 4. - Characteristlce of Curtlss 838-1C2-18R1
Tour-blade propeller on YP-47M airplane at free-
stream Mach number M, of approximately 0.40. . . . .

Figure 5. ~ Effect of power coefficient Cp on
propelleyr efficiency 1 at constant advance-
dilaneter ratios at free-stream Mach number M,
of approximately 0.40. Curtisgs 838-1C2-18R1
Four-blade propeller. o o v ¢ « o o « o « « o « « o 4

Flgure 6. - Effect of power coefficient OCp on blade
thrust load distribution at advence-diameter ratio
J of approximately 2.10 and free-stream Mach number
M, of approximately 0.40. Curtiss 838-1C2-18R1
four~blade propeller.

(a) Cp, 0.31; J, 1.98; My, 0.39; Mg, 0.74 . . .
(v) Cp, 0.61; 'J, 2.18; My, 0.40; My, 0.70 .
(¢) Cp, 0.71; J, 2.10; Mg, 0.39; M, 0.70 .
(a) Cp, 0.82; J, 2.12; My, 0.39; Mg, 0.70 .
(o) Cp, 0.89; J, 2.10; My, 0.39; Mg, 0.70
(£) Cp, 1.00; J, 2.05; My, 0.38; Mg, 0.70

a8 &8 o @
.
.

s o e & o @

Figure 7. - Effect of advance-dlamster ratio J on
blade. thrust load distribution at power coefficilent
Cp of approximately 0.30 and free-stream Mach number
M, of approximately 0.40, Curtiss. 838-1C2-18R1
four-blade propeller. ’

(a) Cp, 0.29; J, 2.99; M., 0.40; My, 0.58
() cp, O. 30- J, 2. 30- My, 0.39; My, 0.66
(¢} Cp, 0.31; J, 1,98; My, 0.39; Mg, 0.74
(a) Cp, 0.30; J, 1.90; M,, 0.39; My, 0.78
(e) Cp, 0.30; J, 1.70; M,, 0.40; Mg, 0.84
(£} Cp, 0.30; J, 1.40; M., 0.39; My, 0,97
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Figure 8. - Effpct of advence-diameter ratio J on blade

thrust load distribution at power coefficient Cp of
approximately 0.90 and free-stream Mach number M,

approximately 0.40, Curtiss 838-1C2-18R1L four-blade

propeller.

(a) Cp, 0.89; g,
(v) Cp, 0.85; J,
(c) Cp, 0.91; 4,

Figure 9, - Charﬁoteristics_of Curtiss 838-1C2-18R1 four-
blade propellsr on YP-47 sirplane at free-stream Mach
mumker M, of.approximately 0.50. « ¢« « « « ¢ ¢ o o &«

Figure 10, - Effect of power coefficlent Cp on propellexr
efficlency n at:

mately 0.50.

Figure 1l. - Effect of power coefficlent Cp on blade
thrust load distribution at advance-diesmeter ratio J

3.82;
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1.67;

M,, 0.40;
My, 0.39;

M, 0.38;

Mg, 051 .
Mg, 0.70 .
M., 0.81 .,

free-gtream Mach number

of

of approximptely 2.80 and free-sgtream Mach number M,

. of approximately 0.50.

(a) Cp, 0,41;,

(b) Cp, 0.60; J,
(c) Cp, 0.72; 4,
(a) cp, 0.83; J,
(e) Cp, 0.92; J,
(£) cp, 1.02; 4,

Figure 12, ~ Effect
peller efficiency

2.75; My, 0.49; Mg, 0.75 . . .
2.73; Mo’ 0.49; l‘ib, 0.75 e« o
2.92; My, 0.50; Mg, 0.73 . . &
2.94; M_, 0.50; Mg, 0.73 . . .
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3.02;5 M), 0,505 My, 0.72 . . .
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n at advance-diameter ratio J

of approximately 4.20 and free-stream Mach number

My of approximately 0.50.

Curtisa 838-1C2-18R1

four-blade propeller.

(a) cp, 0.42; 4,
(b) Cp, 0.71; g,
(c) Cp, 0.82; J,
(a) op, 0.94; J,
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Figure 13. ~ Bffect of advance-diasmeter ratioco J on

blade thrust load distribution at power coefficlent

Cp of approximately 0.40 and free-stream Mach

number M, of approximately 0.50. Curtiss 838-102-18RL

four-blade propeller.
(a) Op, 0.42; J, 4.20; My, 0.49; Mg, 0.62 . .
(p) Cp, 0.41; J, 3.42; Mg, 0.50; Mg, 0.68
(c) Cp, 0.41; J, 2.75; My, 0.49; Mg, 0.75
- (4) gg, 0.41; J, 2.20; My, 0.49; Mg, 0.86
- (e) Cp, 0.41; J, 1.75; My, 0.49; Mg, 1.01

* L] - @

Filgure 14. -~ Effect of sdvance-dlameter ratic J on

L] - : - L

blade thrust load dlstribution at power coefficient
Cp of approximately 0.70 and free-stream Mach number

M, of approximately 0.50. Curtiss 838-1C2-18R1
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Flgure 15. -« Effect of advance-dlamster ratio J on
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Figure 6,~- Erfect of power coefficient on blade thrust

load distribution at advance~diameter ratio J of approxi-
mately 2,10 and free-stream Mach number M, of approximately
0.40, Curtiss 838-1C2~18R1 four-blade propeller,
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Pigure 7.~ Continued, Effect of advance-diameter ratio J

on blade thrust load distribution at power coefficlient Cp

of approximately 0.30 and free—stream Mach number M, of
approximately 0.40. Curtiss 838-1C2-18R1 four-blade
propeller,
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distribution at advance-diameter ratio J of approxi-

mately 2.90 and free-stream Mach number M, of approximately
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